Previous papers of this series1 -4) described the synthesis and cardiotonic activity of a series of new 2-phenylthiazolidine-3-carboxamides and thiocarboxamides (1) . These compounds exhibited marked and sustained positive inotropic activity without producing significant effects on heart rate or blood pressure in anesthetized dogs. Although the effect of various substituents in structure 1 on the activity became apparent through those studies, the effect of modification of the thiazolidine ring remained unclear. Our continued interest in the structure-activity relationships (SAR) of this class of compounds as a new class of cardiotonic agents led us to attempt replacement of the sulfur atom of the thiazolidine ring of 1 with carbon and oxygen. In this report we describe the synthesis and cardiotonic activity of the pyrrolidine (2) and oxazolidine (3), which are carba and oxa analogues of 1, respectively.
Chemistry
Synthesis of the pyrrolidine analogue (2) was carried out through the sequence of reactions outlined in Chart 2. Reaction of the benzaldehyde (4)3) with morpholine and potassium cyanide gave the aminonitrile (5). Cyanoethylation of 5 followed by acidic hydrolysis5) readily gave the ketonitrile (6) . Catalytic hydrogenation of 6 over Raney Ni and reduction of the resulting pyrroline with lithium aluminum hydride (LiA11-14)6) gave the pyrrolidine (7) . Carbamoylation or thiocarbamoylation of 7 by the usual method gave the carboxamide or thiocarboxamide derivatives (2a-d, f-h) listed in Table I .
As an alternative route to 2, introduction of an aminoalkyl side chain into the phenolic thiocarboxamide (11) was attempted. The aminoketone (8)7) was converted to the ketonitrile (9), which, on hydrogenation over Raney Ni and LiA1H4 reduction, gave the pyrrolidine (10). O-Demethylation of 10 followed by treatment with methyl isothiocyanate (MeNCS) gave the phenolic thiocarboxamide (11) . Alkylation of 11 with the aminoethyl chloride (12)3) gave the aminoether (2e) ( Table I) in only low yield (6.4%), probably due to concomitant S-alkylation of the thiocarboxamide group.
The oxazolidine analogue (3) was also synthesized from the benzaldehyde (4) (Chart 3) . Condensation of aromatic aldehydes with ethanolamine has been claimed to give oxazolidines directly8) or Schiff bases9) without definite structural elucidation. When the aldehyde (4) was heated in benzene with continuous removal of water , the Schiff base (13) was obtained in quantitative yield. The spectroscopic data of 13 both in solution and in the solid state were in good agreement with the iminocarbinol structure and are given in the experimental section. The structure of 13 (R, = H) was further confirmed by X-ray crystallographic analysis (Fig . 1 ). On treatment with methyl isocyanate in tetrahydrofuran, the Schiff base (13; R, = H) gave the carbamoylated oxazolidine (3a) in 82.6% yield. The presence of a singlet at 6 .36 in the proton nuclear magnetic resonance (1 H-NMR) spectrum and absence of an OH absorption in the infrared (IR) spectrum are consistent with the assigned structure . Similar formation of Nacy1-2-aryl oxazolidines from benzylideneaminoethanol by treatment with acylating agents has been reported by several workers.'° Treatment of 13 with MeNCS similarly gave the oxazolidine-3-thiocarboxamide (3b, c). The unsubstituted 3-carboxamide (3d) was obtained from 13 by treatment with trimethylsilyl isocyanate (TMSNCO)11 followed by hydrolytic work-up.
Acetylation of 3d with acetyl chloride gave the diacetate of 3d in 86 .8% yield. Hydrolysis of the diacetate with aq. sodium hydroxide solution gave the N-acetylurea (3e) . The physical properties of 3a-e are summarized in Table I . These oxazolidines were quite susceptible to acidic hydrolysis and decomposed to the aldehyde (4) even during salt formation with oxalic acid. After examination of the stability of various salts of 3, the D-glucuronate was found to be the most stable salt. The oxazolidines (3a-e) were, therefore, converted to their Dglucuronates in ether, and the precipitated amorphous powder was used for assessment of cardiotonic activity without purification.
Pharmacology and Structure-Activity Relationships
The positive inotropic activity of the pyrrolidine (2a-h) and oxazolidine (3a-e) analogues prepared in the present study was determined by measuring the increase in the maximum derivative of left ventricular pressure (LVdP/dt max) after i.v. administration to anesthetized dogs.12) The results are included in Table I together with comparative data for the corresponding thiazolidine derivatives (la, b) and amrinone.
Generally, the pyrrolidine and oxazolidine analogues (2 and 3) exhibited stronger positive inotropy than amrinone. The thiocarboxamides (2c and 3b) were more potent than the corresponding carboxamides (2a and 3a) in both the pyrrolidine and oxazolidine series. This constitutes a major deviation from the SAR in the thiazolidine series,3) where the carboxamide (la) was much more potent than the thiocarboxamide (lb). As in the previous case,3) introduction of a fluoro group onto the benzene ring of the piperazine moiety produced a significant increase in activity (2a vs. 2b, 2c vs. 2e, and 3b vs. 3c). As for the effect of the substituent on the (thio)carboxamide group, the N-acetyl derivatives (2f and 3e) were more active than the corresponding N-methyl derivatives (2a and 3a). This tendency was more pronounced in the pyrrolidine series, where the N-dimethyl (2h) and unsubstituted (2g) derivatives also showed potent activity. Finally, the effects of the conversion of the thiazolidine to the oxazolidine and pyrrolidine rings on the activity varied with the nature of the N-substituents. Looking at a series of the N-methylcarboxamides, one observes that positive inotropic activity decreases in the following order: the thiazolidine (la) >> (3a) >pyrrolidine (2a). In the corresponding thiocarboxamide series, however, the oxazolidine (3b) was the most potent, followed by the thiazolidine (1b) and pyrrolidine (2c). This is in sharp contrast with the SAR in a series of simple 2-phenylthiazolidine-3-thiocarboxamides,41 where the conversion of the thiazolidine ring to the oxazolidine ring caused a marked fall in activity. These results suggest an important role of the phenylpiperazine group in the appearance of positive inotropy in this series of compounds.
Experimental
All melting points are uncorrected. IR spectra were recorded on a Hitachi IR-215 spectrometer . 4-1-NMR spectra were taken in CDC13, unless otherwise noted, at 60 MHz on a JEOL PMX-60 spectrometer with tetramethylsilane (TMS) as an internal reference. The following abbreviations are used: s = singlet, d = doublet , t = triplet, q= quartet, m = multiplet, and br = broad. Mass spectra (MS) were measured with a Hitachi RMU-6M instrument.
Analytical data are given in Table I , unless otherwise noted. a-(2-(244-Phenylpiperazinyl)ethoxy)pheny1)-4-morpholineacetonitrile (5, n = 2, R, = H) A mixture of mor- Table II. 
